The dynamics of the natural process of recuperation of the structure and diversity of native vegetation following anthropogenic disturbance has been the subject of a great deal of controversy in restoration ecology research. The present study evaluates the natural regeneration of savanna forest (cerradão) 32 and 36 years after the clearcutting of the vegetation. We compared species diversity, and the structure and dynamics of the vegetation in two communities, one representing preserved cerradão (PC), and the other, the regenerating cerradão (RC), which was clearcut in 1976. Surveys were conducted in 2008 and 2012, 32 and 36 years after clear-cutting, respectively. In 2008, we demarcated 81 permanent 10 m x 10 m plots, 50 in the RC and 31 in the PC, and measured all live plants with a diameter at soil level > 5 cm. In 2012, the plots were resampled, including the original plants and all the recruits. The species were classified as specialists in savanna (SA) or forest habitat (FO), or as generalists (SA/FO). The RC presented the highest species richness and diversity, density, annual increment, and mortality rates. However, no significant differences were found between communities in the distribution of specialist or generalist species, or between years (2008 and 2012) in basal area or recruitment rates. While the species composition of the two communities is highly similar, the RC was characterized by a higher frequency of SA species, and was more similar to nearby savanna communities (cerrado sensu stricto). Trees in the RC were smaller and suffered higher rates of mortality than those in the PC, but also higher annual increments. While the RC demonstrated a high degree of resilience following clear-cutting, it was still found to be at an intermediate stage of succession, even after almost four decades, indicating that regeneration is a slow process.
INTRODUCTION
The Cerrado biome (RIBEIRO; has the highest plant biodiversity of all the world's savannas (MENDONÇA et al., 2008) , although the rapid, ongoing conversion of its natural habitats into pasture and plantations, especially on the agricultural frontiers of the Brazilian states of Mato Grosso and Goiás, has resulted in a steady decline in the extent of its original vegetation cover over the past few decades (SANO et al., 2010) . The advance of the agricultural frontier in this region has a major impact on local biodiversity (BUENO et al., 2005) , especially in the so-called "arc of deforestation", which straddles the interface between the Cerrado and Amazon biomes, reinforcing the need for the recuperation of degraded habitats. However, little is known of the regeneration capacity of the vegetation in this region, and more specific studies are required in order to understand this process and the potential for the recuperation of habitats.
The Cerrado is characterized by a mosaic of habitats, including grasslands, savannas, and forests. This diversity of vegetation types appears to be related to the characteristics of the soil (depth, texture, fertility, and water retention), as well as the occurrence of bushfires (COUTINHO, 1990; RIBEIRO; . In many cases, the clearing or burning of forest vegetation may lead to the formation of grassland or savanna (DURIGAN; RATTER, 2006; CARDOSO et al., 2009 ). The forest formations include the savanna forest (cerradão), which is closely associated with cerrado sensu stricto, and typically includes many savanna species (RIBEIRO; . Most cerradão has been converted into farmland because it grows on more fertile soil than the cerrado sensu stricto, and often on relatively flat terrain (RATTER, 1971; EITEN, 1972; OLIVEIRA-FILHO et al., 1994) .
The long-term monitoring of woody plant communities can provide important insights into the dynamics of vegetation structure and composition (FELFILI, 1995; ARCE et al., 2000; CORRÊA; van den BERG, 2002) , including species turnover, growth rates, recruitment and mortality, as well as the influence of disturbances on community function (LIBANO; FELFILI, 2006) . This monitoring provides an important baseline for the understanding of the resilience of communities following disturbance (MELO; DURIGAN, 2010) .
The Cerrado appears to be relatively resilient to different types of disturbance (COUTINHO, 1990; REZENDE et al., 2005; ELIAS et al., 2013) , such as the partial or complete removal of the vegetation, with ecological succession typically beginning with the establishment of savanna-type vegetation (cerrado sensu stricto), which is eventually replaced by species more typical of forest formations (see RATTER, 1992; RATTER, 2006; CARDOSO et al., 2009) . Succession is thus characterized by the substitution of species and shifts in community diversity, structure, and functioning.
The characteristics of this process, including its velocity, will depend on the intensity and duration of the impact, the natural regenerative capacity of each plant species, stem and root sprouting, and the capacity for vegetative reproduction (COUTINHO, 1990; AIDE et al., 1995; UHL et al., 1988; REZENDE et al., 2005) . During the succession process, species richness may decrease as a result of the exclusion of typical Cerrado species, which are intolerant of shade (ABREU et al., 2011) , while biomass tends to increase along a gradient from more open vegetation to denser habitats, such as the cerradão (MARIMON-JUNIOR; HARIDASAN, 2005; RIBEIRO; .
The lack of data on the effects of clearcutting on different types of Cerrado vegetation emphasizes the need for the more systematic analysis of this process, which may not only provide vital information for the management and restoration of degraded areas, but also important insights into the successional dynamics of the mosaic of habitats found within the CerradoAmazon transition zone. In the present study, we evaluated the natural regeneration process in an area of cerradão, 32 and 36 years after the clear-cutting of the vegetation.
MATERIAL AND METHODS
The present study was conducted in two cerradão communities at different stages of succession in the Bacaba Municipal Park in the municipality of Nova Xavantina, in eastern Mato Species diversity was based on Shannon's index, H', Naperian base (MAGURRAN, 2004) . Species richness and diversity were compared between communities (PC and RC) using a rarefaction approach, with 1,000 randomizations, run in Ecosim 7.0 (GOTELLI; ENTSMINGER, 2001). To avoid bias, the tests were run on the abundance data, as in Hortal et al. (2006) . The Z test was then applied to the mean and variance using the vegan package (OKSANEN et al., 2010) in R 2.13 (R DEVELOPMENT CORE TEAM, 2011).
Species composition was compared between communities with Sørensen's (BROWER; ZAR, 1977) and Morisita's indices of similarity (MAGURRAN, 1988) . The Chi-square test was used to compare the relative frequencies of all species and those exclusive to each community (ZAR, 2010) . The same similarity indices were used to compare the PC and RC communities with two communities of typical cerrado (cerrado típico) vegetation also located in Bacaba Municipal Parkcerrado típico 1 (CT1: GOMES et al., 2011) and cerrado típico 2 (CT2: MEWS et al., 2011) . This comparison was aimed in particular at evaluating the similarity between RC and savanna formations.
To evaluate successional stages, we classified each species as either a savanna specialist (SA), forest specialist (FO) or a habitat generalist, found in both savanna and forest (SA/FO). The species were classified through a review of the recent literature FELFILI et al., 2001; PEREIRA, 2002; MENDONÇA et al., 2008; PEREIRA, 2009; SILVA-JÚNIOR, 2012) . We used Chi-square, χ 2 (ZAR, 2010) to compare the relative frequencies of these species and individuals of these species between the two communities.
We compared the mean density of individuals, mean diameter, and mean basal area per plot between communities in each year (2008 and 2012) using the t test for independent samples (ZAR, 2010) . For this, the homogeneity of the variances was evaluated using Levene's test (ZAR, 2010) . We ran these analyses in the stats package in R 2.13 (R DEVELOPMENT CORE TEAM, 2011).
From the data collected during the two years, we calculated, for each community, the periodic annual increment or PAI (ENCINAS et al., 2005) , the mean annual rates of mortality (M={1-[(N 0 -N m (SWAINE; LIEBERMAN, 1987) , stability (E=(T 1/2 -T 2 ) and turnover times (Rep=(T 1/2 +T 2 )/2) (KORNING; BALSLEV, 1994) were also calculated, where t is the time elapsed between surveys, N 0 and N t are the initial and final number of individuals, N m and N r are the number of dead individuals and recruits, AB 0 and AB t are the initial and final basal area values, AB m and AB r are the basal area of dead individuals and recruits, and AB d and AB g are the decrement and increment in basal area, respectively.
These parameters were compared between RC and PC communities using the t test for independent samples (ZAR, 2010) . Whenever the samples did not present homogeneity of variance (Levene's test), we applied the t test for different variances (ZAR, 2010) . All analyses were run in R 2.13 (R DEVELOPMENT CORE TEAM, 2011) considering a significance level of 5%.
RESULTS
Controlling for the potential effects of sample size (number of individuals) by the rarefaction approach, the regenerating cerradão (RC) presented significantly higher species richness and diversity (H') than the preserved cerradão in both 2008 and 2012 (Table 1) .
The mean density of individuals per plot was higher in the RC than the PC in both years (Table 1) , although the mean diameter of individuals was higher in the PC plots. Even so, the mean basal area was similar in both communities in both years.
The similarity of the species composition of the two communities was also high in both years (Table 1) . In 2008, a total of 125 species was recorded, of which 60 (48%) were common to both communities, 45 (36%) were exclusive to the RC, and 20 (16%) to the PC. In 2012, the number of species fell to 115, of which 59 (51%) were present in both communities, 39 (34%) were exclusve to the RC, and 17 (15%) to the PC. A significantly higher frequency of exclusive species was recorded in the RC plots in both 2008 (χ² = 6.35, p = 0.01) and 2012 (χ² = 5.68, p = 0.02). 1522 The resilience of cerradao… REIS, S. M. et al. In the comparison between the communities analyzed in the present study (PC and RC) and those of cerrado típico (TC1 and TC2) from the same study area, relatively high levels of similarity were found in the case of Sørensen's index, whereas the values recorded for Morisita's index were very much lower (Table 1) .
In both cases, however, the RC was consistently more similar to the TC plots than the PC. In both years (Table 2) , most species were classified as habitat generalists (SA/FO), followed by savanna (SA) specialists and finally, forest (FO) species. There were clear differences between habitats, with forest species being relatively more abundant and savanna species relatively less abundant in the PC in comparison with the RC, and between years, with an increase in the abundance of forest species in 2012 in comparison with 2008.
Considering only the species exclusive to each community, 13 (35.1%) of the species found only in the RC were savanna species, 20 (54.1%) were generalists, and four (10.8%) were forest specialists. By contrast, three (23.1%) of the 13 species exclusive to the PC were savanna species, seven (53.8%) were generalists, and three (23.1%) were forest species. The proportion of exclusive species in each community was significantly different (χ² = 5.92, p = 0.05).
The mortality rate was higher in the RC in comparison with the PC, but there was no difference in mean annual recruitment rates, half-life or doubling time, turnover rates or stability time. However, biomass mortality was higher in the PC, being reflected in a higher half-life time (Table 3) .
Periodic annual increment was almost three times higher in the RC in comparison with the PC, which was reflected in the lower decrement in basal area and the tendency for high basal area recruitment. The accumulation of biomass (deduced from basal area) was also higher in the RC than the PC, resulting from higher growth rates, and the reduced decrement in the basal area of the individuals surviving between surveys, in addition to the recruitment of new individuals in the RC (Table 3) . 1523 The resilience of cerradao… REIS, S. M. et al.
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DISCUSSION
The higher species richness and diversity (H') recorded in the regenerating cerradão (RC) in both years appear to be related to a greater degree of overlap between savanna and forest species. The relative abundance of exclusive species in the RC also appears to reflect its link with the savanna formations, which was reinforced by its greater similarity with the cerrado típico plots, and that 35.1% of these exclusive species were typical of savanna, whereas only 23.1% of the exclusive species in the PC were savanna species. The lower densities of forest species in the RC also indicate that it was at an intermediate stage of succession. In more advanced stages of succession, savanna species are progressively excluded as the canopy becomes denser (ABREU et al., 2011) , leading to an overall reduction in species diversity, as observed in the PC. The higher mortality in the RC would also have contributed to the formation of gaps in the canopy, creating conditions for the establishment of savanna species (EITEN, 1972) . Bruelheide et al. (2011) concluded that the lower species richness and diversity of communities at more advanced successional stages is related to increasing competition for resources, which may become scarcer as succession advances. The reduction in density resulting from the increase in size of the surviving individuals may also contribute to reduced richness and diversity in late successional and climax systems. This was confirmed in the present study, in which a higher density of smaller individuals was recorded in the RC.
Despite these differences in species richness and diversity, the species composition of the two communities was highly similar, and even increased by the end of the study. This similarity is probably related to the typical resprouting capacity of most Cerrado woody plant species (COUTINHO, 1990; MIRANDA et al., 1996) , which would have contributed to the autochthonous recuperation of species richness in the RC. In addition, the spatial proximity between communities may have favored seed dispersal from the PC to the RC, which would have supported the colonization of the RC by forest species (ABREU et al., 2011) and contributed to the increasing similarity of the two communities.
Generalist species predominated in both communities. This is probably related to the ecological plasticity of many species in relation to the variable conditions of luminosity (ABREU et al., 2011) . The predominance of typical savanna species, which are generally heliophilous, was probably related to the disappearance of individuals of pioneer species, such as Tachigalli vulgaris . The forest habitats of the Cerrado/Amazon transition zone appear to be characterized by their highly dynamic nature, provoking certain imbalances in the vegetation structure .
The higher density of individuals in the RC is another characteristic of succession. As succession advances, density tends to decrease, while basal area normally increases. This pattern has been recorded in a deciduous forest in southern Brazil (VACCARO et al., 1999) and in deciduous (WERNECK et al., 2000) and semi-deciduous forests (FONSECA; RODRIGUES, 2000) in southeastern Brazil. In the present case, in cerradão, this pattern also corresponds to the transition from a predominance of savanna to forest species. The lower density recorded in the PC is the result of selfthinning (OLIVEIRA-FILHO et al., 1997; OLIVEIRA-FILHO, 2010) , reflecting the increased competition for space in more advanced stages of succession (PUIG, 2008) . As succession progresses, some individuals die off, while surviving trees accumulate biomass (MACHADO; OLIVEIRA-FILHO, 2010) .
However, the similarity in the basal area of the two communities indicates that the RC had apparently recovered with regard to this parameter 32 years after clear-cutting. In a recuperated subtropical forest in Puerto Rico, which had been pasture 40 years previously, Aide et al. (1996) also found a basal area similar to that of undisturbed forest. In cerrado sensu stricto, by contrast, Rezende et al. (2005) found no recuperation of basal area 11 years after clear-cutting. Obviously, then, recuperation of basal area is a slow process, although the high annual increment recorded for the RC may contribute to its capacity to recover from disturbance.
Despite the recuperation of basal area in the RC, mean tree diameter was higher in the PC, representing a more advanced stage of succession. The greater density of smaller trees recorded in the RC indicates that this community had yet to reach a mature stage of regeneration, even after 36 years of recuperation. A similar pattern was observed in a cerrado sensu stricto community 30 years after clear-cutting SILVA, 1988) .
The higher mortality rates recorded in the RC were to be expected given the smaller size (stem diameter) of the individuals in this community (BRAGA; REZENDE, 2007) , reinforced by the higher density of individuals, which generates increased competition for space and resources The progressive reduction in luminosity may be one of the most important factors determining mortality in the smaller individuals during the succession process (FELFILI, 1995) . The considerable similarities in the dynamic parameters of the two communities (Table 3) indicates that the RC is close to reaching a pattern of population dynamics comparable to that of the original forest cover. However, the relative high mortality rate, low turnover rate and half-life period, and the higher annual rate of loss of basal area recorded in the RC all indicate that certain functional processes weren't yet re-established. Overall, the results of the present study emphasize the complexity of the response of cerradão communities to deforestation, reinforcing the need for further studies in order to better understand the processes involved in the recovery of fundamental ecological functions, such as biogeochemical cycles.
CONCLUSIONS
The composition of the two communities was enough similar, but the RC was more similar to neighboring savanna communities than the PC, and was characterized by higher densities of savanna species. These results indicate that the RC was still successional even after almost 40 years of recuperation from clear-cutting.
Higher densities, smaller tree size (trunk diameter), and the resulting higher mortality all reflect the more dynamic nature of the RC. Perhaps more importantly, this study showed that the cerradão is able to regenerate spontaneously from clear-cutting, showing considerable resilience. Even so, recuperation appears to be a relatively slow process, given that, even after 36 years, major differences persisted in parameters such as species richness and diversity, and habitat structure between the RC and the PC community.
Some characteristics of the regenerating cerradão represent an intermediate stage in the succession process, with more savanna elements than found in the well-preserved cerradão.
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RESUMO:
A dinâmica de recuperação da diversidade e estrutura da vegetação nativa, a partir de processos naturais, após distúrbios antrópicos, tem sido objeto de controvérsias em estudos de ecologia da restauração. Nosso objetivo foi avaliar a regeneração natural de cerradão em 32 e 36 anos, após corte raso da vegetação. Comparamos os parâmetros florísticos e estruturais e a dinâmica da vegetação (entre 2008 e 2012) de duas comunidades de cerradão, sendo uma de cerradão preservado (CP) e outra em regeneração desde 1976 (CR). Demarcamos em 2008, 81 parcelas permanentes (10 x 10 m), sendo 50 no CR e 31 no CP e medimos todas as plantas vivas com diâmetro a altura do solo > 5 cm. Em 2012, reamostramos todas as plantas e incluímos os recrutas. Classificamos as espécies como especialistas em habitats savânicos (SA), florestal (FO) ou generalistas em habitats savânicos e florestais (SA/FO). O CR apresentou maior riqueza e diversidade de espécies, densidade de indivíduos, incremento periódico anual e taxa de mortalidade. Porém, as duas áreas não apresentaram diferenças na distribuição das espécies entre os habitats (SA, FO, SA/FO) e área basal (em 2008 e 2012) e taxa de recrutamento (entre 2008 e 2012). Apesar do CR e CP apresentarem elevada similaridade florística, o CR apresentou maior frequência de indivíduos de espécies com habitat SA bem como maior similaridade com duas outras comunidades savânicas (cerrado sentido restrito) próximas. Ainda, o CR possui indivíduos com menores diâmetros e consequentemente maiores taxas de mortalidade e incremento periódico anual. Apesar da resiliência do cerradão em relação ao corte raso esse ainda se encontra em estágio intermediário de sucessão, mesmo quase quatro décadas após o distúrbio, indicando que a regeneração é um processo lento.
